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The operation and maintenance of small arms ranges is critical to
maintaining individual and collective soldier skills throughout the
U.S. Army. This manual is intended to help installation range man-
agers, Integrated Training Area Management (ITAM) coordinators
and environmental staff assess, develop and implement management
practices that minimize adverse impact to human health and the
environment from outdoor small arms range operations.

Trainers, range managers and environmental staff should be
aware that although there are environmental impacts associated
with the operation of outdoor small arms ranges, the degree of
environmental impact is site specific and a function of many factors.
Identification, evaluation and minimization of environmental
impacts from active small arms ranges are highly recommended. 

TThhiiss  mmaannuuaall  wwiillll  hheellpp  uusseerrss  iiddeennttiiffyy  ccoosstt--eeffffeeccttiivvee  aapppprrooaacchheess  ttoo
rraannggee  ddeessiiggnn  aanndd  mmaaiinntteennaannccee  pprroocceedduurreess  tthhaatt  ccaann  mmiinniimmiizzee  tthhee
ppootteennttiiaall  aaddvveerrssee  eennvviirroonnmmeennttaall  iimmppaacctt  oonn  ssmmaallll  aarrmmss  rraannggeess..

This manual is the result of a joint initiative between the Combat
Training Support Directorate, Deputy Chief of Staff Training, Army
Training and Doctrine Command (TRADOC), and the U.S. Army
Environmental Center (USAEC). The information is based on research
by the U.S. Department of the Army, the U.S. Department of the
Navy, the U.S. Department of Agriculture and private institutions. 

This manual provides a practical guide for:

a. Identifying environmental issues related to water and soil
quality on small arms ranges.

b. Evaluating risk to surface and groundwater from lead
migration and erosion on small arms ranges. 

c. Identifying best management practices to reduce the impacts
from small arms range operations.

This manual provides suggested management and maintenance
techniques to reduce lead migration and erosion on outdoor small
arms ranges. It identifies specific environmental impacts associated
with small arms range operations and suggests measures that can
be adapted for use on individual ranges. 

1.0  INTRODUCTION

1.2  SCOPE

1.1  BACKGROUND AND PURPOSE
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The Army has developed, within its Range and Training Land
Program, an environmental strategy that reaches across the life
cycle of ranges. This strategy, which encompasses proposed, active
and inactive ranges, comes as a response to the increasing environ-
mental regulations that impact how ranges are managed and
operated. This can result in the curtailment of training on ranges for
investigations or cleanup of contaminants in soil, groundwater or
surface water. For small arms ranges, the major issues are lead and
erosion. Lead from small arms ammunition accumulates in back-
stops, range floors and berms. Lead can leach into groundwater, be
carried off site by stormwater, or become airborne. Erosion can
overload streams and rivers with sediments. The impacts can easily
result in non-compliance with many environmental regulations,
including the Clean Water Act, Safe Drinking Water Act and Section
7003 of the Resource Conservation and Recovery Act (RCRA). 

2.0  ENVIRONMENTAL ISSUES AND IMPACTS

2.1  ISSUES

FIGURE 1  HUMAN & ECOLOGICAL RISK
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Lead on small arms ranges is a potential ecological risk because of its
toxicity and its ability to persist in the environment (Figure 1).
Human exposure to lead can occur through either inhalation of dust
and vapors or through ingestion of contaminated soil. Exposure to
high levels of lead can result in lack of muscular coordination,
stupor, convulsions, kidney dysfunction or coma.  

For animals, the major routes of exposure are through direct
ingestion of lead fragments or contaminated vegetation and water.
Lead attached to sediments � transported by stormwater to surface
water � can pose a serious ecological risk. Birds, especially water-
fowl, can ingest lead fragments when dabbling in the water or
eating vegetation that has absorbed lead through its roots. The
results can lead to birth defects, deformities and death. 

Lead is generally stable in the environment, but when exposed to
certain environmental conditions it will break down and become
soluble in water. Once soluble, lead becomes mobile and can be
transported through the soil to groundwater. For lead to become
mobile and migrate to groundwater, certain physical factors and
site conditions must exist. These factors are very site specific.
Therefore, the risk of lead migration to groundwater must be judged
individually at each small arms range. 

Physical factors such as soil type, pH, water chemistry in the pores
of the soil and rainfall determine how quickly the rounds will
corrode in the soil. These physical factors will increase or decrease
the likelihood of lead migrating to groundwater. Site conditions
must also be considered when determining risk of vertical migration.
The most critical factors are depth to groundwater, type and
amount of ammunition used, and type and frequency of mainte-
nance performed on the backstop and range floors. 

SOILS

Porous soils, such as sands or sandy loams with either a low or
high pH, will increase the likelihood of vertical lead migration to
groundwater. Lead becomes soluble when the pH of the soil is less
than 6.5 or greater than 8.5. Once soluble, the lead can be transported
vertically through the soil by water. The permeable nature of certain
soils gives the �mobilized� lead a quick avenue to groundwater.
However, lead is least likely to become soluble when the pH of the
soil falls between 6.5 and 8.5. Lead has a strong tendency to bind to
clay particles or organic matter in the soil. Soils with a neutral pH
(pH = 7.0) and clay content help bind the lead to the soil so that it
is less likely to move vertically. 

2.2  IMPACTS: LEAD MIGRATION TO GROUNDWATER
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CORROSION RATE, RAINFALL AND DEPTH TO GROUNDWATER

These physical factors determine how quickly the rounds corrode in
the soil. Corrosion (oxidation) causes the rounds to break down and
the lead to become mobile. Once the lead is mobile, the risk of it
being transported vertically to groundwater increases. Increased lead
mobility can especially be a problem at small arms ranges located
near the ocean or brackish water, where high concentrations of salt
in the soil cause the rounds to oxidize more quickly.  

Rainfall also influences the solubility of lead. The more rainfall, the
greater the likelihood the soil will become saturated, increasing the
time the round stays in contact with the rainwater. The longer the
round stays in contact with moisture, the faster it will corrode. Acid
rain accelerates the corrosion process. 

The risk of lead migration to groundwater becomes greater when
the corrosion rate is high and depth to groundwater is shallow (less
than 10 feet). Basically, the closer the groundwater is to the surface,
the greater the chances of contamination. 

AMMUNITION AND MAINTENANCE

The type and amount of ammunition used on the range along
with its operational history will greatly influence the risk of lead
migration to groundwater. Different calibers of ammunition contain
varying amounts of lead. For instance, the 5.56mm round contains
52% lead; the .50 cal contains only 1% lead (see Figure 2). Therefore,
when looking at the risk of lead migration, both the total number

and type of rounds fired must be taken into
consideration. This risk is substantially reduced if
regular maintenance has been performed on the
backstop and apron areas to remove rounds and
fragments from the soil. 

FIGURE 2


